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Abstract 
The organic agricultural production is regarded as an important way to ensure food safety and achieve 
sustainable agricultural development. Presented in this paper is an emergy-based analysis of two typical 
chicken farming systems popular in China, i.e., family-operated organic rearing system and orchard-based 
field rearing system, from the perspective of production efficiency, environmental impact and the overall 
sustainability. In addition, the similar evaluation results conducted in Italy (scatter rearing system in 
grassland and conventional scale rearing system) was also introduced for reference and comparison. The 
results showed that the emergy yield ratio (EYR) was 1.10 and 1.11 for family-operated organic rearing 
system and field rearing system respectively. The values are approximately equal and very close to 1, 
indicating that each process of the two systems only converts resources from outside into product without 
much addition from local resources. However, the environmental loading ratio (ELR) of orchard-based 
field rearing system is 3.44, a little bit higher than the family-operated system 3.10, and correspondingly 
the sustainable index (ESI) is lower than that of family-operated organic rearing system. Despite being 
close to the concept of organic production practice with respect to rearing space for exercise and feeding 
patterns, the field chicken farming system has a relative poor performance with regard to environmental 
pressure and overall sustainability, which is attributable to the large amounts input of external purchased 
resources, e.g. the building material, drug, feed and so on. Compared with the other two production 
systems in Italy, the two systems in this study have higher economic cost and heavily rely on the non-
renewable resource inputs. It can be concluded that current so-called organic production model in China 
is far from the essence of real practice and therefore innovations in production techniques and 
institutional reforms associated with organic pattern are urgently needed in China.  
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1. Introduction  
Since rural economic reform began in 1978, the development of animal husbandry was regarded as an 
important strategy in boosting rural development and reducing poverty in China. During the past few 
decades, the animal production industry has been experiencing a rapid growth, with an average annual 
growth rate of more than 10%. Between 1970 and 2008, the proportion of the husbandry subsector in 
China‟s agriculture industry had risen from 14% to 36% [1, 2]. The massive expansion of husbandry 
production resulted in a considerable improvement in the typical farmer‟s quality of life, but at the same 
time it also caused a series of environmental problems. In 2007, the COD (chemical oxygen demand) 
from livestock production was up to 12.7 million metric tons, representing about 42% of the total Chinese 
generation for that year. The adoption of livestock management systems characterized by intensive 
production and large amounts of industrial inputs such as drug, chemical feed and so on, is regarded as 
the main contributor to this issue. Therefore, efforts focusing on the development of ecologically 
sustainable husbandry that is able to draw from the natural environment without severely or irreversibly 
degrading it, are urgently needed.  
Poultry farming, as the largest part of animal husbandry in China, operates at the interface between 
nature and the human economy, and combines natural resources with economic input to yield animal 
products. Therefore a thorough assessment of the sustainability of China‟s poultry farming systems 
requires a consideration of both economic and environmental factors in equivalent terms [3]. Emergy 
evaluation is a powerful tool particularly suitable to this task, as it deals well with systems existing at the 
interface between the „„natural‟‟ and the „„human‟‟ spheres [4], and because it is able to account for all 
relevant inputs on a common basis. This can help to avoid the difficulties and subjectivity associated with 
other methods [5]. 
Emergy analysis was proposed by Odum in 1983, and is based on a combination of energetic [6] and 
systems ecology [7, 8]. Emergy, by definition, is the available energy of one kind previously used up both 
directly and indirectly to make a service or product. As the biosphere is usually regarded as being driven 
by solar energy directly or indirectly, it is usually quantified in solar energy equivalents and expressed as 
solar emjoules (sej). Each form of energy can be translated into the common unit by way of a conversion 
factor, i.e. solar transformity (which makes it possible to evaluate the resources of different forms from 
human economy as well as nature on a common basis [7]).  
 Emergy analysis is a promising tool for system analysis and accounting, considering the resources 
from human economy as well as all contributions from nature to produce the output and absorb 
environmental impacts. After nearly 30 years of development and application, the emergy synthesis 
approach has become a more common and tested method for evaluating ecological economic systems and 
processes [8, 9], with special focus on the agricultural field [5,10-20]. However, at this time there have 
been only a few emergy studies that specifically evaluated chicken production systems [5,21].  
Presented in this paper is an emergy-based analysis of two typical, so-called organic chicken farming 
systems currentlly popular in China: 1) family-operated organic rearing systems, and 2) orchard-based 
field rearing systems. These systems are analyzed from the perspective of production efficiency, 
environmental impact, and the overall sustainability. In addition, a similar evaluation from a study 
conducted in Italy (comparing a scatter rearing system in grassland with a conventional scale rearing 
system) is also introduced for reference and comparison. The main objective of this study is to gain 
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insight into the present so-called organic production models in China, and to identify the key elements 
involved in achieving real organic production. 
2. Methods  
2.1.  Location and study site  
Family-operated and field rearing organic farming systems are popular in China, and have appeared in 
many provinces including Beijing, Shandong, Shanxi, Guangzhou, Guizhou and so on. The study site in 
this paper was located in the Jingyu village of Beijing（N40。23＇48.43＂，E116。29＇37.86＂, data 
from which were derived from a survey conducted in 2010. The family-operated organic system in this 
study was based in a building of 30 m2 and a courtyard of 40 m2, surrounded by iron railings, where 
chickens were maintained with average space of 0.7m2 per bird. This was compared with a field rearing 
system characterized by more advance facilities and larger space per bird, averaging 1.9 m2. Both of the 
systems involved in the study do not t rely on commercial feed. Specifically, the family-operated system 
depends mainly on maize and potherb, while chickens in the field rearing system pick grass and worms as 
foods in the orchard. The details surrounding the two systems are listed in table 1.  
The previous study introduced for comparison (scatter rearing system in grassland and conventional 
sale rearing system) from Italy was detailed in Castellini et al [5]. The four systems of conventional 
scaled rearing system (family-operated rearing system, orchard-based field rearing system, and scatter 
rearing system in grassland) are characterized by different stages of openness (from a closed system to a 
natural and open one), with their chicken activity space decreased accordingly. As shown in table 1, the 
main difference in these production systems lies in the animal activity space, life cycle, the quantity and 
quality of the diets.  
Table 1. General information of the four chicken farming systems 
Items 
Studied systems (Beijing) Comparison systems(Italy) 
Family-operated 
organic rearing 
system 
Orchard-based field 
rearing system  
Scatter rearing 
system in 
grassland 
Conventional scale 
rearing system 
Birds (n) 100 2000 1000 15600 
Density(m2/birds) 0.70 1.90 9.90 0.00 
Life-cycle(days) 150 180 81 49 
Mainly diets (g/day/bird）     
Maize 100 50 38.64 41.47 
Potherb 50 - - - 
Soybean meal - - 14.44 14.78 
Fava bean - - 17.41 - 
Wheat-bran - 4.38 20.25 3.47 
Pone - 6.25 - - 
Total(g） 150 62.5 93.64 41.47 
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2.2. Emergy analysis  
Aggregated system diagrams of the family-operated system and Orchard-based field rearing system in 
China are shown in Fig.1. Specific input flows are presented in table 2-3, which comprise three aspects: 
local renewable resource (R), local non-renewable resource (N) and purchase resource input (F). Local 
renewable resources include solar energy, rain, wind, and earth cycle. Since these resources are co-
products of the same phenomenon, i.e. the sunlight reaching the biosphere, only the highest of local 
renewable resources will be considered [8]. Local nonrenewable resource denotes the groundwater 
pumped for the systems studied in this study, as groundwater is scarce in Northern China and recharge 
rates are very slow [18]. Purchase resource inputs include building materials, feed, rent and so on. Based 
on the raw data, emergy of each inputs flow can be obtained by multiplying the ratio of the emergy 
required to make a product or service to the present energy of the product or service, i.e. transformity. 
Separation of renewable and nonrenewable inputs is essential for emergy analysis, as it makes it 
possible to define several emergy-based indicators that can provide decision support tools (especially in 
the case that there are several alternatives to choose from [4, 8]). Processes using a larger percentage of 
renewable energy need to be identified because they are likely to be more sustainable than those using a 
larger percentage of nonrenewable energy [11, 16]. Thus, considering the evolutionary process involved 
in emergy methodology, the renewability factor was incorporated in this study to gain a better assessment 
of each system‟s sustainability, the values of which were based on previous work by Ulgiati et al.[22-23], 
Ortega et al.[24], Agostinho et al[25]. The renewable fraction of purchase emergy was calculated by 
multiplying the flows of materials and services that enter the system by the renewability factor, denoted 
as FR. Correspondingly FN represents the non-renewable fraction. 
It should be noted that the transformity used in this study was calculated by multiplying the old 
baseline by 1.68. This is becuase the biosphere baseline, i.e. the global emergy budget of the 
geobiosphere for emergy calculation, since 2000 has been updated from the previous value 9.44E+24 sej 
year-1 to the value 15.83E+24 sej year-1  
 
 
 
 
 
 
 
 
 
Fig. 1 Summary diagrams of the emergy flows in two studied systems: (a) family-operated organic system, and (b) orchard-based 
field rearing system  
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Table 2. Emergy analysis table of family-operated organic rearing system 
 
Item Renewability factor Raw data 
Transformity 
(sej/unit) References 
Emergy 
(sej year-1) 
Local renewable resource(R)    
1 Sunlight (J) 1.00 1.25E+11 1.00E+00 [26] 1.25E+11 
2 Wind, kinetic (J) 1.00 1.27E+07 2.45E+03 [26] 3.12E+10 
3 Rain, chemical (J) 1.00 9.39E+07 3.10E+04 [26] 2.91E+12 
4Rain,geopotential (J) 1.00 4.57E+06 4.70E+04 [26]  2.15E+11 
5 Earth cycle (J) 1.00 3.22E+07 5.80E+04 [26] 1.87E+12 
Total R    2.91E+12 
Local non-renewable resource (N)    
6 Ground water (J) 0.00 1.88E+09 2.55E+05 [27] 4.79E+14 
Total N     4.79E+14 
Purchase resource input (F)   
7 Wild vegetable (J) 1.00 7.60E+08 2.70E+04 [28] 2.05E+13 
8 Electricity (J) 0.81 3.60E+08 2.69E+05 [29] 9.68E+13 
9 Human labor (J) 0.60 8.05E+07 7.56E+06 [29]  6.09E+14 
10 Corn (g) 0.25 1.52E+06 2.08E+09 [15]  3.16E+15 
11 Steel fence (g) 0.00 7.50E+03 7.98E+09 [29]  5.99E+13 
12 Brick (g) 0.00 6.67E+04 6.55E+09 [28] 4.37E+14 
13 Sand (g) 0.00 4.17E+04 1.88E+09 [28] 7.84E+13 
14 Cement (g) 0.00 1.39E+04 5.85E+09 [28] 8.12E+13 
15 Baby chick (g) 0.05 4.50E+03 1.51E+10 [28] 6.77E+13 
16Asbestos shingle ($) 0.05 2.42E+00 1.07E+13 [30] 2.60E+13 
17 Nylon net ($) 0.05 1.51E+00 1.07E+13 [30]  1.62E+13 
18 Drug ($) 0.05 2.52E+00 1.07E+13 [30] 2.70E+13 
19 Trough ($) 0.05 2.01E+00 1.07E+13 [30] 2.16E+13 
Total renewable purchase input (FR)   1.26E+15 
Total non-renewable purchase input (FN)  3.44E+15 
Total purchase input (TF)  4.70E+15 
Total emergy input (U)  5.19E+15 
Total yield (Y)   
20 Chicken (J)  1.22E+09    
 
 
 
Table 3. Emergy analysis table of orchard-based field rearing systems  
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Item 
Renewability 
factor 
Raw data 
Transformity 
(sej/unit) 
References 
Emergy  
 (sej year-1) 
Local renewable resource (R)    
1 Sunlight (J) 1.00 1.43E+13 1.00E+00 [26] 1.43E+13 
2 Wind (J) 1.00 1.46E+09 2.45E+03 [26]  3.57E+12 
3 Rain chemical (J) 1.00 1.07E+10 3.10E+04 [26] 3.33E+14 
4 Rain geopotential (J) 1.00 5.23E+08 4.70E+04 [26] 2.46E+13 
5 Earth cycle (J) 1.00 3.68E+09 5.80E+04 [26] 2.13E+14 
Total R    3.33E+14 
Local non-renewable resource (N)    
6 Ground water (J) 0.00 3.71E+10 2.55E+05 [27] 9.45E+15 
Total N    9.45E+15 
Purchase resource input (F)     
7 Electricity (J) 0.81 8.64E+09 2.69E+05 [29] 2.32E+15 
8 Human labor (J) 0.60 5.53E+08 7.56E+06 [29]  4.18E+15 
9 Corn (g) 0.25 2.07E+07 2.08E+09 [15] 4.31E+16 
10 Feed (g) 0.25 6.30E+06 1.40E+09 [28] 8.82E+15 
11 Wheat bran (g) 0.25 1.81E+06 3.02E+09 [28] 5.47E+15 
12 Peanut cake (g) 0.25 2.59E+06 2.30E+08 [28] 5.96E+14 
13 Vitamin (g) 0.00 7.31E+05 1.48E+10 [28] 1.08E+16 
14 Steel bars (g) 0.00 1.85E+04 1.90E+10 [28] 3.52E+14 
15 Brick (g) 0.00 1.11E+04 6.55E+09 [28] 7.28E+13 
16 Sand (g) 0.00 7.50E+04 1.88E+09 [28] 1.41E+14 
17 Cement (g) 0.00 5.00E+04 5.85E+09 [28] 2.92E+14 
18 Color plate (g) 0.00 3.75E+04 1.17E+10 [28] 4.39E+14 
19 Baby chick (g) 1.00 1.35E+05 1.51E+10 [28] 2.03E+15 
20 Sapling ($) 0.05 2.42E+01 1.07E+13 [30] 2.60E+14 
21Herbal medicine seeds ($) 0.05 1.81E+01 1.07E+13 [30] 1.95E+14 
22Maintenance charge ($) 0.05 6.04E+01 1.07E+13 [30] 6.49E+14 
23 Heating device （$） 0.05 1.81E+00 1.07E+13 [30] 1.95E+13 
24 Trough ($) 0.05 1.51E+01 1.07E+13 [30] 1.62E+14 
25 Rent ($) 0.05 6.04E+02 1.07E+13 [30] 6.49E+15 
Total renewable purchase resource input (FR)   2.13E+16 
Total non-renewable purchase resource input (FN)   6.51E+16 
Total purchase resource input (TF)     8.64E+16 
Total emergy input (U)     9.61E+16 
Total yield (Y)     
26Chicken (J)  4.37E+10    
3. Results and discussion  
On the basis of emergy accounting of the two chicken farming systems, aggregated emergy flows and 
related emergy indices are calculated and shown in table 2-4. Shown in table 4 are the emergy indicators. 
The results from the previously-mentioned study in Italy are also involved in table 4 for reference and 
comparison.  
3.1. Transformity  
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Transformity is calculated by dividing the total emergy entering the system by the sum of energies of 
all products, which provides a measure of the efficiency of emergy production [9] under certain 
circumstances. For systems with the same outputs, the higher the transformity of a system, the lower its 
production efficiency [12]. However, this is an indicator sensitive only to the conversion efficiency, while 
not affected by alternative resource types, (local-imported or renewable-non-renewable). A process can 
be efficient in processing either renewable or nonrenewable resources. The transformity values obtained 
in this study are 4.24×106 sej/J for chicken products obtained from the family-operated organic farming 
system, and 2.20×106 for that obtained from the orchard-based field farming system. Both of these values 
are significantly higher than those yielded for systems in Italy, indicating that the two Chinese production 
systems are actually less efficient in the transformation of potential energy. These results could be 
attributed to the relatively long life cycle for the rearing process in China. As shown in table 1, the growth 
time for the family-operated organic rearing system and the orchard-based field rearing system is 150 
days and 180 days, respectively (more than 3 times the conventional scaled production model and 1.5 
times the grassland-based field rearing system in Italy). A longer production cycle usually results in 
higher resource inputs, and a correspondingly higher transformity. As for the two production systems 
evaluated in China, it can be found that the family-operated organic rearing system has a lower 
production efficiency compared to the orchard-based field rearing system, which is largely attributed to 
the low efficiency involved in feed taking. 
 
 Table 4. Emergy indictors for the four chicken production systems studied 
 
Items 
Systems studied (Beijing) Comparison systems(Italy) 
Familyoperated 
organic rearing 
system 
Orchard-based 
field rearing 
system  
Scatter rearing 
system in 
grassland 
Conventional 
scaled rearing 
system 
Transifomity (sej/J) 4.24×106 2.20×106 5.79×105 6.11×105 
Emergy yield ratio (EYR) 1.10 1.11 1.51 1.19 
Environmental loading ratio (ELR) 3.10 3.44 2.04 5.21 
Emergy sustainability index (ESI) 0.36 0.32 0.74 0.23 
3.2. Emergy yield ratio (EYR) 
The EYR is a measure of a process‟s ability to use both local renewable and non-renewable sources by 
investing in economic resources from outside. In other words, the higher the EYR, the higher the relative 
contribution of free resources to the emergy of the process is [18]. The lowest value of the indictor is one, 
in which case the process is totally dependent on purchased resources, and the contribution of local 
resource is 0. This situation would be high economic cost coupled with low competition. The EYR 
calculated for the family-operated organic farming system and field rearing system in China is 1.10 and 
1.11, respectively, meaning that these processes are approximately equal and very close to 1. This 
indicates that each process of the two systems primarily converts resources from outside sources into 
product, without having a contribution from local resources. Additionally, the EYR calculated for the two 
systems in China are both much lower than that calculated for the systems in Italy, demonstrating that the 
two systems concerned in this study depend more on purchased resources and have a higher economic 
cost.  As such, these systems are less competitive in the world market.  
3.3. Environmental loading ratio 
452  Q.H. Hu et al. / Procedia Environmental Sciences 13 (2012) 445 – 454452 Q.H.Hu et al./ Procedia Environmental Sciences 8 (2011) 445–454 
 
The environmental loading ratio (ELR) is obtained by calculating the ratio of emergy from 
nonrenewable resource inputs to emergy from renewable resources. It is an indicator of the pressure that a 
transformation process places on the environment, and can be considered as a measure of ecosystem 
stress due to production [31]. The ELR is able to clearly demonstrate a difference between renewable and 
non-renewable resource inputs, thus complementing information that is provided by transformity [15]. 
The value of the ELR calculated for the family-operated organic rearing system is 3.10, while the ELR 
calculated for the orchard-based field rearing system is 3.44. The lower EYR of the former indicates that 
the family-operated organic rearing system is more highly dependent on renewable resources, and exerts 
less pressure on the environment than the orchard-based field rearing system. This lower impact can be 
attributed to the relatively fewer industrial resources input into the family-operated organic rearing system, 
in terms of the building and feed of the production system. In comparison with the two systems studied in 
Italy, the largest EYR is found in Italy‟s conventional scaled rearing system, while the lowest EYR is 
found in the scatter rearing system of Italy‟s grasslands. The two systems studied in China approach the 
middle of the spectrum. Thus, it can be concluded that progress has been made in the environmental 
performance of these two (so-called) organic systems when compared to the conventional scaled rearing 
system of Italy. However, further improvements are necessary for future processes as the impacts are still 
much higher than those of the field rearing system of Italy.  
3.4. Emergy sustainability index 
The indicator of ESI measures the potential contribution of a resource or a process per unit of 
environmental loading [9]. It indicates the system benefit/cost; i.e., the benefit of a process to the 
economy in relation to its environmental impacts. The ESI is obtained from the ratio of EYR to EIR.  
The ESI calculated for the family-operated organic production system is 0.36, indicating that it 
contributes to economy while having a relatively low environmental loading when compared to the 
orchard-based field rearing system, which has an ESI of 0.32. Despite being comparable to the concept of 
organic production practices when considering details such as rearing space for exercise and feeding 
patterns, the orchard-based field rearing system has a relative poor performance with regard to overall 
sustainability. Further comparison among the four systems examined in this study indicates that the ESI 
calculated for the conventional scaled system in Italy is the lowest, while that of Italy‟s field rearing 
system is the highest. Again, the two systems studied in China fall between them on the spectrum, a fact 
that illustrates that the natural or semi-natural production systems of China actually provide a much larger 
return per unit of environmental loading generated when compared to the commercial scaled rearing 
system. On the other hand, additional improvements are necessary in the future to further reduce the 
impact of these processes. 
4. Conclusion   
Emergy methodology is a useful tool in comparing the environmental impacts of different farming 
systems. This comparison was conducted by transforming the resource inputs of different kinds into a 
common unit, and then providing a suite of indicators to assess the long term sustainability of each 
process. This paper discussed an emergy-based analysis of two chicken farming systems presently 
popular in China: the family-operated organic farming system and orchard-based the field rearing system. 
A similar study conducted in Italy (assessing a scatter rearing system based in grasslands with the more 
conventional scale rearing system) was also introduced and discussed for reference and comparison. The 
main conclusions and deductions drawn from this study are as follows: 
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(1)Due to a longer overall growth time, the chicken production systems in China have a lower 
efficiency and higher economic cost than those in Italy, as demonstrated by higher transformity and lower 
EYR. With regard to environmental load and overall sustainability, their performance is shown to be 
favorable when compared to the conventional scaled rearing system in Italy, but still inferior to that of 
Italy‟s grassland-based rearing system, This mediocre performance is attributable to large amounts input 
of externally purchased resources including building materials, drugs, feed and so on. As such, the, two 
so-called organic production systems involved in this study still heavily rely on purchased industrial 
resources, and less efficient in exploring the local resources. These two systems should be considered to 
be far from the real practice of organic production.  
(2) With regards to the two chicken farming systems studied in China, the family-operated system is 
less efficient in gathering food and consequently has a lower efficiency in emergy conversion when 
compared with the orchard-based field rearing system. However, as indicated by ELR and ESI, the 
family-based system produces a lower overall stress to the ecosystem, and correspondingly is more 
sustainable than the orchard-based field rearing system. Nevertheless, despite being comparable to the 
concept of organic production practice in consideration of rearing space for exercise and feeding patterns, 
the field rearing system has a relative poor performance with regards to overall sustainability. 
(3)The main difference among these two modern, so-called organic farming systems lies in the aspects 
of animal building and facilities, feeding systems, and exercise yards. The results obtained in this study 
suggest that some improvement has been achieved on the traditional, scaled rearing system in terms of 
reducing environmental pressure. However, most of the currently popular production models still heavily 
depend on nonrenewable resources, and have demonstrated a poor ability to explore local resources; thus, 
they should be considered as far from the goal of organic production. Lack of knowledge surrounding the 
means to develop a sustainable model that is able to make use of the natural environment without severely 
or irreversibly degrading it may be one contributing factor to this problem. The promotion of organic 
technology is necessary to help extend the practice of organic production. Additionally, a higher 
economic cost can result in less competition in the world market. The implementation of a “green 
strategy” for certification, coupled with recognition that a higher value and price for organic products 
may present a possible solution to this cost issue. In summary, further improvement on production 
techniques and institutional reforms associated with organic production systems is necessary in the future 
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